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The tympanic membrane has been proposed as a possible locus for accurate recording 
of core temperature, because of its proximity to the brain and the carotid artery. .Infrared 
tympanic thermometry (ITT) has been developed as a new method for measuring tympanic 
temperature (Tty)_ However, ITT has not been extensively evaluated against rectal 
temperature. 
This study measured tympanic and rectal temperatures in 13 college-aged subjects (5 
men and 8 women) at rest and during exercise in a thermoneutral environment (22-24°C). 
Subjects first performed 90 min steady state exercise at 55% V02peak. This was followed by 
a 30 min time trial, which required subjects to perform the amount of work equivalent to 30 
minutes at 60% of their V02peak. 
Although a statistically significant correlation was observed between tympanic and 
rectal temperatures at rest or exercise, the variance in tympanic temperature accounted for 
only 36% of the total variance in rectal temperature and the standard error of estimate was 
high (±0.48). Moreover, rectal temperature was 0.9°C (P<0.05) higher than tympanic 
temperature at all time points for men and women combined, confirming that tympanic and 
rectal temperatures do not agree. 
Tympanic temperature was stable during steady state exercise and increased gradually 
during the time trial for both men and women. However, rectal temperature increased during 
steady state exercise and then decreased slightly in men, but continued to increase for women 
during the time trial. These results demonstrate that tympanic temperature responses during 
exercise lag behind rectal temperature responses and that men and women have somewhat 
divergent temperature responses to exercise. 
v 
In conclusion, tympanic temperature is not a good predictor of rectal temperature in 
adults at rest or during exercise. 
1 
INTRODUCTION 
Traditionally, body temperatures of human subjects in laboratory settings are 
measured in the rectum and on the skin. For specific purposes, temperatures also._ can be 
measured in muscle (16), femoral arterial and venous blood (16), esophagus (8, 12, 16, 46), 
and at the tympanic membrane (8, 12, 46). The rectal temperature (TTe) is the lowest of the 
deep body temperatures, and the procedure is the only one that subjects can tolerate far more 
than 24 hours. However, Tie often lags behind internal body temperature changes, especially 
when temperatures change rapidly. Esophageal temperature (TeS) changes before Tie, but is 
influenced by eating, drinking and breathing. Clinical studies in subjects at rest have 
demonstrated that tympanic temperature (T~,) reflects the core temperature best because the 
tympanic membrane shares the same blood supply as the hypothalamus, which regulates 
body temperature. However, T~ might be affected by cooling of the head. It was reported 
that the physical dilation of the nares decreased the rate of warming of T~, in exercising 
human subjects, which provides a substantial fraction of the total heat loss from the head 
during hyperthermia and hence influences intracranial temperatures (43). Some studies 
compared TeS and Tay during exercise and confirmed that Tay is a better approximation of 
regulated core temperature (8, 21, 46). white and colleagues (46) suggested that T~ was a 
more representative index of the central nervous system temperature than TeS, because TeS 
threshold did not appear sensitive to the rate of change of skin temperature (TSk) and core 
temperature. However, there are few studies that have measured both T~, and Tie during 




The prevailing theory in thermal physiology has long been that adjustments are made 
to maintain body temperature. However, the high body temperature during exercise is 
difficult to explain based on this theory (3). The alternative theory of temperature regulation 
is that high body temperature is a result rather than the cause of control of heat (42). The 
purpose of temperature regulation is to maintain the body heat balance, with metabolic heat 
production as the independent variable, constantly adjusted to meet the changing need for 
energy, and heat loss as a dependent variable which is changed to match heat production. 
Increased energy expenditure immediately raises metabolic heat production, whsle heat Ioss 
changes more slowly. Therefore, the delay in the adjustment of heat loss during exercise 
causes body heat storage and an increase in deep body temperature. 
During the usual Lives of men and women, cutaneous vasodilation and 
vasoconstriction are sufficient to modulate heat loss. During exercise, increased heat loss 
results from the evaporation of sweat, hence reaches a new heat balance. Body temperature at 
steady state varies directly with the level of heat balance at different levels of activity (41 }. 
High core temperature may cause heat injury, including heat syncope, heat exhaustion and 
heat stroke, and dehydration, which may result in cardiovascular strain. It is also well 
documented that a high internal body temperature can be a limiting factor during prolonged 
exercise (15, 16, 17, 23, 26, 27, 33, 40). High core temperature (T~) reduces the central 
nervous system (CNS) drive for exercise performance and is considered as a major factor 
affecting motor activity (7, 17, 26, 27, 33, 40). High muscle temperature may result in 
increased muscle glycogen use and hepatic glucose output, which has detrimental effects on 
muscle metabolism (14, 17, 3 8). However, the latter are only considered to play a minimal 
role in the development of fatigue during prolonged exercise in hot environment (28). 
Pebbraio et al. (] 4) examined the effect of ambient temperature of 40° C on anaerobic energy 
metabolism during submaximal dynamic exercise in humans. The results showed that the rate 
of ATP utilization may be increased during exercise in the heat .but that this increase is 
predominantly met by an increase in anaerobic glycofysis and creative phosphate hydrolysis, 
which prevent a decrease in total adenine nucleotide pool. Later, Starkie et al. (3 8) examined 
the effect of an augmented muscle temperature at 50-55° C on net glycogen utilization in 
humans in a similar circumstance. The data. of this study indicated that muscle glycogen use 
was augmented by increase in intramuscular temperature. However, Parkin et al. (29) found 
that the muscle glycogen concentration at fatigue in an ambient temperature of 40° ~ was 
higher compared with ambient temperatures of 3 ° C and 20° C. This study demonstrated that 
factors other than substrate availability are related to fatigue at high ambient temperatures. 
wafters and associates (40) demonstrated that a critical core temperature exists that limits 
exercise in the heat. In doing so, this mechanism establishes a safety level against heat stroke, 
protects the brain from thermal damage, and prevents tissue temperatures that jeopardize cell 
function (11, 17, 28, 3 3, 3 8, 40). 
Therefore, core temperature is one of the most imporl:ant indices for clinical practice 
and thermoregulatory research in humans. It is necessary to determine the gold standard for 
measuring core temperature in response to raped changes in the core temperature. However, it 
is a frustrating reality that no single method of temperature measurement is universally 
accepted as the gold standard in both clinical and laboratory settings. Shibasaki et al (35) 
listed the following practical requirements for measuring core temperature sites: 1) 
measurement should be convenient, harmless, and painless; 2) temperature at the site should 
4 
not be directly affected by environmental temperature changes; and 3 } temperature changes 
should reflect small changes in blood temperature quantitatively and rapidly. Although 
esophageal temperature (Tes} has been preferred by some as the most representative of core 
temperature in humans (3 5, 3 7), especially during thermal transients, it has not been 
universally utilized because of technical difficulties and discomfort associated with 
placement of an esophageal probe. Rectal temperature meets the first two requirements and is 
traditionally used as an index of deep body temperature. However, the rectal route is 
uncomfortable, not hygienic, and may also be slow to respond to rapidly changing core 
temperature. Tympanic membrane measurement is the only method which is non-invasive, 
non-traumatic, and hygienic compared with esophageal and rectal routes. 
However, whether T~, can be used a.s a reliable index of hypothalamic temperature is 
questionable. Benzinger (4, 5) was the first to propose the tympanic membrane as a passible 
locus for accurate recording of deep core temperature because of its proximity to the brain 
and to the carotid artery, where blood flows into the hypothalamus. Blood to the tympanic 
membrane is supplied by several branches of the external carotid and one branch of the 
internal carotid artery, which joins the inner side of the membrane in its Lower anterior 
quarter (6). It is assumed that both the central receptors of the hypothalamus and tympanic 
membrane have a common blood supply (i. e. , internal carotid artery). However, a direct 
comparison of hypothalamic and t~►Tmpanic membrane temperatures has not been made in 
humans previously. Such comparisons have been made in animals by Randall et al (30), who 
found that the fi,~mpanic membrane of cats is primarily heated by carotid blood while the 
hypothalamus is primarily cooled by carotid blood. Later, a direct relationship between 
tympanic and brain temperatures was found in five patients undergoing open brain surgery 
5 
(34). This study suggested that of the externally accessible body temperatures, tympanic 
temperature gives the best approximation of the average cerebral temperature. However, 
Baker et al. (2) pointed out that tympanic membrane temperature was influenced more 
directly by the increase in ambient temperature than hypothalamic, although they showed 
good correspondence between tympanic membrane and hypothalamic temperatures during 
many physiological events. Other thermal physiologists have also suggested that tympanic 
membrane temperature was seriously affected by external temperature during cold exposure, 
heat stress, or both (10). 
Whether T~, is influenced by local skin temperature is not clear. The main argument 
against T~, as a valid index of core temperature i s that temperature in the auditory canal has 
been found to be contaminated by ambient temperature during exposure to cold (6). The 
discrepancies between various results could be due to tympanic temperature thermometer 
placement. In some cases, the temperature being recorded as tympanic membrane 
temperature was the temperature of the external auditory canal, which was always lower than 
real Tty, Brinnel and Cabanac (6) suggested that T~, is largely independent of ambient and 
skin temperature when recorded on the lower anterior glla~ter of the tympanic temperature. 
Thus, T~, might be recommended as the best non-invasive site for the estimation of brain 
temperature in humans. Sato et a1. (34) also suggested that the widely reported facial skin 
cooling effect on Tay is most likely a result of thermal contamination from the surrounding ear 
canal wall and/or suboptimal contact of the probe sensor with the t~~nnpanic membrane. 
Therefore, pure Tay should be relatively independent of the facial temperature. 
Another factor that may influence Tty is the countercurrent heat exchange, which 
results in selective cooling of the brain. Cabanac et al. (9) suggested selective cerebral 
6 
cooling due to venous blood returning from facial skin via the ophthalmic vein to the 
cavernous sinus, where a cooling of arterial blood ascending to the brain could take place. In 
this study, vasomotor responses of the hand clearly paralleled T~, changes but correlated 
poorly with Tom. Cabanac et al. (9) showed that T~, may be an undefinable intracranial 
temperature because it appears to be modified not only by tympanic arterial blood, but also 
by jugular venous blood, which passes only a few mm from the membrane within the 
temporal bone. Later, Cabanas et al. (l o) assessed the validity of the hypothesis of selective 
brain cooling against the hypothesis that Tay is influenced by changes in skin temperature 
during hyperthermia. They found that Tay on the insulated side of the head during 
hyperthermia was influenced by cooling on the other side when the skin external to the 
t~~inpanic membrane was not cooled, and concluded that T~ changes are more directly 
influenced by vascular cooling process and less affected by exterior skin temperatures. Hirata 
(I 4) found a linear relationship between finger blood flow and T~,, whereas that between 
finger blood flow and T~ shows an inflexion. Wyss et al. (47, 48) reported that body core 
temperature is at least 20 times more important in the control of skin blood flow than is TSk. 
Thus, Hirata (19) suggested that tympanic temperature is more suitable than esophageal 
temperature as an indicator of the central thermal drive for finger vasodilation. On the 
contrary, Shiraki et al (3 7) found that fanning the face did reduce T~, but not the temperature 
in the brain; brain temperatures followed esophageal temperatures. Their observations argue 
against the selective cooling of the brain in humans. 
In addition, the nasal mucosa may participate in brain cooling. ~►Thite et al. (44) 
suggested that the nasal cavity might act as a heat exchange in selectively cooling the brain 
during exercise. During graded pedaling exercise with the nostrils physically dilated or not, 
I 
they found that the change in the rate of increase of Tri~ between conditions was signif cantly 
correlated to the degree of nostril dilation. Another study designed to measure nasal mucosal 
blood flow during body warming found that T~. dropped significantly below TES during body 
warming. Nasal mucosal blood flow was significantly correlated to T~; and TeS during the 
period of increasing core temperature (45), suggesting that the blood flow change was a 
thermoregulatory response. This study also supports the hypothesis of respiratory cooling 
involvement in selective brain cooling of humans (45). 
Traditional methods for measuring Tay require the thermometer to keep in contact with 
the tympanic membrane. However, these methods have some risks, including injury to the 
membrane and discomfort for subjects. Infrared tympanic thermometry (ITT) has 
been developed to solve these problems, as a more safe and convenient method to measure 
T~,. The infrared tympanic thermometry records nondiscriminating infrared radiation from 
the auditory canal and then converts it into body temperature. The shape of the infrared 
tympanic thermometer prevents it from being inserted too far into the ear canal to damage the 
eardrum. However, the accuracy and reliability of infrared tympanic thermometry in clinical 
medicine and thermoregulatory research have been questioned (35). The infrared sensor 
measures the average temperature in its "field of vision". Therefore, infrared t~,Tmpanic 
thermometer measures the infrared radiation from the auditory canal as well as the tympanic 
membrane. Moreover, most infrared thermometers are subject to considerable environmental 
artifact since the aural canal is cooled by ambient air (20}. Yaron et al. (49) reported that the 
infrared tr,~mpanic thermometry is inaccurate compared to the electronic rectal thermometer. 
Qn the other hand, Amoateng-Adj epong et al . (1) suggested that if used properly, both 
infrared tympanic and rectal thermometry are very accurate. 
Infrared tympanic thermometry has not been evaluated against rectal temperature 
very well in laboratory settings. Therefore, the primary objective of the present study was to 
compare tympanic membrane temperature obtained using an infrared tympanic thermometer, 
with rectal temperature in subjects during prolonged cycling exercise. 
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METHODS 
Study Design and Subjects. This project was a part of a large study regarding the 
effects of four different beverages on exercise tolerance. A total of 13 non-smoking, non-
diabetic, physically-active, healthy adults, aged 20-25 y (5 men and 8 women) were recruited 
from the university to participate in this study. Subjects. were questioned verbally and in a 
written questionnaire to eliminate anyone who had any pre-existing medical condition 
preventing his/her ability to perform the exercise and dehydration protocol. Subjects signed 
an informed consent, and completed a written medical history to eliminate any subjects with 
overall poor health, high blood pressure, or heart disease. All aspects of this study were 
reviewed and approved by the Institutional Review Board before starting the study. 
Dietary ~'ontrol. For the 3 days preceding each trial, subjects were required to follow 
similar diets and activities to standardize the starting conditions for each trial: they kept a 
diary for 3 days before the first trial and replicated the same pattern of eating and physical 
activity for 3 days preceding the following three trails. The dietary and exercise records were 
analyzed using commercial software (Nutritionist 4, N-Squared Computing, San Bruno, CA). 
Preliminary Trial. Before starting experimental trials, each subject underwent 
V02peak testing, which served to determine the exercise workload to be used during the 90-
min steady state exercise and 30-min time trial. This graded exercise test involved about 20 
minutes of cycling on a stationary bike, during which expired air samples were collected 
through a breathing valve and then into the gas analyzers for measurement of oxygen uptake. 
After 4-min warm up period, subjects pedaled the bike from a very light workload and then 
the workload was increased every 3 minutes by 50 watts for men and 40 watts for women 
until volitional fatigue. 
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experimental Protocol. Laboratory measurements were made on four randomly assigned 
days in a thermoneutral environment (22-24°C), separated by at least 1 week. Subjects 
performed one of the four trials in these four days, respectively. All four trials of each 
subject commenced at the same time in the mornings after an overnight fast and > 16 h after 
exercise. In addition, subjects were instructed to drink one extra liter of water the day before 
trials to ensure euhydration. On arrival at the laboratory, subjects were asked to void the 
bladder to obtain their nude body mass using an electronic balance (Before Inc. Saukville, 
WI) and Bioelectrical Impedance Analyzer (BIA) was used to analyze body water percentage. 
The intensity for the 90-min steady state exercise was set at 55% of VO2peak. After 
completing 90 minutes of exercise, subjects performed a 30-min time trial. The 30-min time 
trial assessed performance ability by measuring the time required to produce the amount of 
work equivalent to 30 minutes at 60% of their VO2peak. Between the 90-min steady state 
exercise and the 30-min time trial, subjects were asked to stop pedaling, get BIA measured, 
and dried themselves to get a nude weight in 5 minutes. At the end of the 30-min time trial, 
body nude weight and BIA were measured again. 
Temperature Measurement. Rectal body temperature was measured by inserting a probe 
to a depth of l0 cm beyond the anal sphincter. Tympanic temperature was measured using 
the commercial Braun Pro 3000 ThermoScan thermometer (Kronberg, Germany). All the 
measurements of these two variables were made before and 45 minutes after ingestion, every 
3 0-min period during the first 90-min, and every 15-min period during the final 3 0-min of 
cyc Ong. 
Respiratory Measurement. During the first 90-min steady state exercise, subjects 
breathed through the breathing valve for 5 minutes at the end of each 30-min period for the 
measurement of oxygen uptake and relative exercise intensity. 
Calculations and Statistics. Data were analyzed using commercial software (5~~~, 
Inc., Chicago, IL). Statistical analyses of rectal temperature and tympanic temperature were 
performed using three-way analyses of variance and analyses of covariance for repeated 




Subject characteristics are summarized in Table 1. Body mass was not different after 
exercise (65.5±0.2 kg) compared with the baseline (65.7±0.1 kg). 
Respiratory .Results 
The mean V Oz during steady state exercise was 2.3 0 ± 0.21 L/min for men and 1.5 3 ±-
0.15 L/min for women, or 5 6.8 ± 2.7 %and 5 7.0 ± 4.6 % V O2peak for men and women, 
respectively. During the time trial, the mean exercise intensity was 58.0 ± 10.8 % V02peak 
for men and 77.6 ± 16.2 % VO2peak for women. 
Body Temperatures at hest and During Exercise 
The relationship between tympanic and rectal temperatures is shown in Figure 1. 
Simple correlations between tr,Tmpanic and rectal temperatures were 0.40 and 0.41 for rest 
and exercise, respectively (P<0.01). When the data for rest and exercise were combined, 
rectal temperature was significantly correlated to tympanic temperature (r=0.59, P<O.o 1), and 
the standard error of estimate was 0.48 °C. Rectal temperature was higher than tympanic 
temperature in almost all cases. With increased tympanic temperature, rectal temperature was 
closer to t~~mpanlc temperature. 
Since the temperature responses during rest and exercise were not affected by the 
type of ingested beverage, subsequent analyses were performed on the mean of four beverage 
trials at each time point. Figure 2 shows the simple correlation (r) between tympanic and 
rectal temperatures at each time point with four beverages combined. The correlations 
between t~,rmpanic and rectal temperatures were significant at baseline and I5 min during. the 
time trial for men and women combined and at 60 min and 90 min during steady state 
~3 
exercise for men ~P<0.05}. The variance in tympanic temperature accounted for 32-34% of 
the total variance in rectal temperature at baseline and at 15 min during the time trial for men 
and women combined. The .variance in tympanic temperature accounted for 90-92% of the 
total variance in rectal temperature at 60 min and 90 min during steady state exercise far men. 
There was no significant correlation between tympanic and rectal temperatures far women at 
any time point. 
when 95% confidence intervals were calculated for tympanic and rectal temperatures 
at each time point, rectal temperature was significantly higher than t~►rmpanic temperature at 
all time points except at the beginning of steady state exercise for men {Figure 3a; P<0.05), 
and at all time points for women (Figure 3b; P<0.05). Baseline rectal temperature for men 
and women combined varied from 3 6.4 to 3 8.3 °G and baseline tr►nnpanic temperature varied 
from 3 5.2 to 3 7.2°~. ,Therefore, an analysis of covariance with baseline temperatures as a 
covariate was performed on the temperature responses during rest and exercise. However, the 




Although a statistically significant correlation was observed between tympanic and 
rectal temperatures at rest or exercise, the variance in tympanic temperature accounted for 
only 36% of the total variance in rectal temperature and the standard error of estimate was 
high. Moreover, rectal temperature was higher than tympanic temperature at all time points 
for men and women, which confirms that tr►nnpanic and rectal temperatures do not agree. 
Some previous studies in children have reported high correlations and suggested that 
t~,~mpanic temperature can be used as a surrogate for rectal temperature (32, 39}. Far example, 
Van Staaij et al. (39) observed high correlations (0.89-0.93) between infrared determined 
t~,Tmpanic and rectal temperatures in children aged 2-10 years. In adults, a lower correlation 
(0.70) between infrared determined tympanic and rectal temperatures has been observed (49). 
Taken together, these findings provide evidence that measurement of infrared tympanic 
temperature is not a suitable alternative to rectal temperature in adults. 
Rectal temperature was significantly higher than tympanic temperature at all time 
points in both men and women except before steady state exercise in men. For men and 
women combined, the mean rectal temperature varied from 3 7.6 to 3 8.2°C during exercise, 
which is consistent with previous studies and is within the normal range for rectal 
temperature. Eric et al. (13) examined the effect of glycerol hyperhydration in a male subject 
performing 2 hr of cycling at 65% VD~max and 25°C, which was followed by an endurance 
performance test. Mean rectal temperature ranged from 36.3 °C to 3 8.2°C. The differences 
between rectal and tympanic temperatures varied from 0.6 to 1.3 °C at different time points 
and averaged 0.9°C for all the time points combined in the present study. This is consistent 
with previous studies, Hansen et al. (18) reported that infrared determined tympanic 
l~ 
temperature was ~ 1 °C lower than rectal tempe~•ature. There might be several factors which 
contribute to the lower tympanic temperature c~.mpared with rectal temperature. 
One possible explanation for the lower tympanic temperature compared with rectal 
temperature is that the temperature in the auditory canal may be contaminated by ambient 
temperature. It has been reported that tympanic temperature recorded from a thermocouple is 
influenced by as much as 0.006°C per °C fall in skin temperature and 0.0025 °C per °C fall in 
air temperature (6}. However, the hypothesis of conductive contiunination of tympanic 
temperature by skin temperature was argued against by McCaffrey et al (24). These authors 
found that skin temperature affected external auditory temperature recorded from by means 
of thermocouples in similar amounts whether the heated or cooled areas of the head were 
close (scalp) or far (face, neck) from the external auditory canal. McCaffrey et al. (24) 
demonstrated that T~, evolved more like core temperature than skin temperature. Cabanac et 
al. (10) found that Tay obtained from thermocouples on the insulated side of the head during 
hyperthermia was influenced by cooling on the other side when the skin external to the 
tympanic membrane wa.s not cooled, and concluded that T~ changes are more directly 
influenced by vascular cooling process and less affected by exterior skin temperatures. This 
result supports the hypothesis of selective brain cooling, and argues against the hypothesis 
that T~,. is influenced by changes in skin temperature during hyperthermia. 
Selective cooling of the brain is a mechanism of heat exchange between the surface of 
the human head and the intracranial space during hyperthermia, where intracranial venous 
spaces are cooled by skin blood via emissary veins (6, 9, 10, 12, 21, 31, 46). In addition, the 
physical dilation of the nostrils may participate in brain cooling (44). white et al. (44) found 
that the change in the rate of increase in tympanic temperature obtained from thermocouples 
if 
was significantly correlated to the degree of nostril dilation and suggested the nasal cavity 
may act as a heat exchange in selective brain cooling of exercising humans. 
However, the contribution of physical dilation of the nostrils to the lower tympanic 
temperature in the present study could be small since that subjects used nose clip during the 
steady state exercise. Although subjects breathed hard during the time trial, they 
inhaled/exhaled air mainly using their mouth. Moreover, Shiraki et al. (37) found that 
fanning the face reduced tympanic temperature recorded from a thermocouple but not 
temperature in the brain. This finding argues against the hypothesis that humans are among 
the species in which increased care temperature during hyperthermia is minimized by a 
countercurrent heat exchange in which blood cooled in superficial tissues precools the 
arterial blood supply. Therefore, the Lower tympanic temperature observed in the present 
study might be mainly due to the contamination of skin temperature. 
Tympanic temperature was stable during steady state exercise and increased gradually 
during the time trial for both men and women. For men, tympanic temperature reached a 
plateau at the end of the time trial. However, tympanic temperature continued to increase at 
the end of the time trial for women. In contrast, rectal temperature increased during steady 
state exercise and then decreased slightly in men but continued to increase for women during 
the time trial. Yeo et al. (5 0) reported that rectal temperature, but not infrared determined 
t~,~mpanic temperature, changed over time when subjects exercised at moderate levels in a 
natural environment. Newsham et al. (25} found that the increase in infrared determined 
temperature was signi~ candy greater than the increase in rectal temperature when 
subjects exercised in hot, humid conditions. The results of these two previous studies, 
combined with the present. results, suggest that tympanic temperature responses during 
17 
exercise lag behind rectal temperature responses. However, the results of Newshanl et al (25) 
are difficult to interpret, since these authors used an infrared device that p1•ovided a corrected 
``rectal equivalent" temperature, rather than the actual temperature .sensed at the tympanic 
membrane . 
Since the auditory canal temperature has been found to be contaminated by skin 
temperature (6}, infrared derived tympanic temperature may not be a reliable indicator of 
core temperature when core temperature is changing.. The markedly higher exercise intensity 
during the time trial in the women may explain the finding that the tympanic temperature 
reached a plateau in the men but continued to increase in the women, and rectal temperature 
decreased slightly in men but continued to increase for women. It is possible that the skin 
temperature- in the auditory canal was higher in the women because of an increased need for 
heat dissipation (2~). Increased skin temperature in the auditory canal would result in a 
higher t~m~panic temperature, and may explain the finding that simple correlations between 
rectal and tympanic temperatures increased in the women and decreased in men during the 
tune trial. 
On the other hand, tympanic temperature might be a better representative index of 
core temperature than rectal temperature if selective brain cooling exists in humans. Mask 
et al. (22) found that the decreases of cerebral temperatures were followed by a similar 
decrease in tympanic temperature of 0.28°C but by an increase in rectal temperature of 
0.20°C. They concluded that of the externally accessible body temperatures, tympanic 
temperatures give the best approximation of average cerebral temperature. A rectal 
temperature of 41.9°C has been measured in a marathon runner at the end of a race; however, 
the runner showed no sign of heat stroke (31). In the present study, rectal temperatures over 
18 
39°C were observed in some subjects who did not report symptoms of hyperthermia. 
Therefore, tympanic temperature might be correlated with core temperature better than rectal 
temperature. 
Several methodological limitations inherent in this and previous studies may also 
.contribute to the lack of reliability and accuracy of tympanic membrane temperature. 
Placement of the sensor may vary considerably between different observers and may be 
inconsistent in inexperienced observers. The presence of cerumen in the auditory canal may 
also contribute to errors in tympanic thermometry and complete cerumen obstruction of the 
external auditory canal, resulting in additional error (49). Occasional unplugging and/or 
slippage of the probe used for measurement of rectal temperature may also result in error. 
The small sample size might be another limitation in the present study. 
In conclusion, tympanic temperature is not a good predictor of rectal temperature. For 
men and women combined, rectal temperature was 0.9°C higher than tympanic temperature 
at all time points combined. Tympanic temperature responses during exercise lag behind 
rectal temperature responses. Several factors may contribute to the lower tympanic 
temperature, including contamination by ambient temperature and selective cooling of the 
brain. Selective brain cooling may result in better correlation between tympanic and core 
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Figure 1. Relationship between rectal and tympanic temperatures at rest and 
exercise. Dashed line is the standard error of estimate (SEE). Dotted line is the 
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Figure 2. Simple correlations between tympanic and rectal temperatures at each 
time point with four trials combined. *Significant correlation in men, P< 0.05. 
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Figure 3a. Rectal and tympanic temperatures at rest and during exercise in men 
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Figure 3b. Rectal and tympanic temperatures at rest and during exercise in 
women (n=8). Values are means ~ 95% confidence interval. *Rectal vs. 
Tympanic, P< 0.05. 
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Table 1. Subject characteristics. 
Age, yr Body Mass, kg Height, cm BMI, kg/m2
Men 23 f 2 76.0 f 10.7 178.1 f 2.5 23.9 ~ 3.3 
Women 22~ 1 59.3 4.3 166.Sf5.9 21.4 2.0 
Total 22 ~ 1 65.7 ~ 11.0 171.0 ~ 7.5 22.4 f 2.8 
Values are means ~ SD for 5 men and 8 women. BMI, body mass index. 
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